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We claim: 

1. A composition for performing a polynucleotide replication reaction, which 
.comprises a buffer, one or more template polynucleotides, nucleotide triphosphates, 
one or more polymerase enzymes or fragments thereof, and one or more reaction 
adjuvimts comprising compounds of the formula: 



Formula I 




wherein: 
Ri is C or S; and 

when Ri is C, X is =0, R^Sis N and R6 is absent; 
when Ri is S, X is\=0 or 
and R3 is C; 

R2 is H or CH3 only when one or more of R5 and R6 is not H, and otherwise R2 is 
an unsubstituted or halogen-, hydroxy- or alkd^y- substituted alkyl or cycloalkyl of 
20 length m, wherein m is selected such that the totalypumber of carbons in the compound 
is between 3 and 8 when Ri is C and between 2 and S^hen R\ is S; wherein any two 
of R2, R3, R4, R5 and R6 optionally form a cyclic structiu^ in which cyclization is 
effected through a bond between them; and 

R4, R5 and R6 each is H, alkyl, cycloalkyl or halogen-, hydroxV or alkoxy-substituted 
25 alkyl or cycloalkyl of length n, wherein n is selected such that th\total number of 
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carbons in the compound is between 3 and 8 when R\ is C and between 2 and 8 when 
Ri is S. 

2. The composition of claim 1, wherein the reaction adjuvant comprises a 
5 cycl^ compound, wherein the cyclization is effected through a bond between any two 
of R2, K3, R4, R5 and R^. 



3. ijie composition of claim 2, wherein the cyclic portion of the compound 
comprises fivV six or seven members. 



4. The composition of claim 3, wherein K\ is C, R3 is N, R^ is absent and one 
of R4 or R5 is H. 




5. The composition ^f claim 3, wherein R\ is S and remainder of the 
1 S compound is unsubstituted. 

6. The composition of clain^J, wherein the reaction adjuvant comprises a 
compound in which R\ is C, X is =0, ^ is N and R^ is absent. 

7. The composition of claim 6, wherein the compound is cyclic. 

8. The composition of claim 7, wherein th^cyclic structure of the compound 
is formed by a bond between R4 and R5. 
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9. The composition of claim 7, wherein the cyclic structure of the compound is 
a five, six, or seven-membered ring formed by a bond between R2 and either R4 or R5. 

10. The composition of claim 9, wherein R4 and R5 are H, methyl or lower 
5 all^l, or halogen-, hydroxy- or alkoxy-substituted lower alkyl. 



10 



l\ . The composition of claim 10, wherein the reaction adjuvant is selected 
fi-om the gnaup consisting of 2-p3nTolidone, N-methyl pyrrolidone and N-hydroxyethyl 
pyrrolidone, o^valerolactam, 8-caprolactam and N-formyl morpholine. 

12. The cokiposition of claim 6, wherein the compound is acyclic. 



Ul 



13. The composition of claim 12, comprising a compound wherein R2 is H, 
lower alkyl, or halogen- hydroxy- or alkoxy-substituted lower alkyl, provided that, 
1 5 when R2 is H or methyl, one ot both of R4 and R5 is methyl, lower alkyl, or halogen- 
hydroxy- or alkoxy-substituted lo^er alkyl. 
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14. The composition of claim\3, wherein the reaction adjuvant is selected 
from the group consisting of propionamicfe and N,N-dimethyl acetamide. 

15. The composition of claim 1, wherein the reaction adjuvant comprises a 



O 



compound in which Ri is S, X is =0 or 



, and R3 is C. 



16. The composition of claim 15, wherein the opmpound is cyclic. 



Pi 



in 
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17. The composition of claim 16, wherein the cyclic structure of the compound 
is a five, six, or seven-membered ring formed by a bond between R2 and either R4, R5 

18. The composition of claim 17, wherein the ring is unsubstituted except in 



19. TTae composition of claim 18, wherein the compound is selected from the 
10 group consistin^f tetramethylene sulfone and tetramethylene sulfoxide. 

20. The composition of claim 15, wherein the compound is acyclic. 




21 . The composition of claim 20, comprising a compound in which R2 or R3 is 
1 5 lower alkyl or substituted lowfer alkyl. 

22. The composition of claim 21^ wherein the compound is selected from the 
group consisting of methyl sulfone, efljyl sulfone, n-propyl sulfone, n-propyl sulfoxide 
and methyl ^ec-butyl sulfoxide. 

23. The composition of claim 1, wherein the polynucleotide replication 
reaction is an amplification reaction. 
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24. The composition of claim 23, wherein the amplification reaction is selected 
from the group consisting of polymerase chain reaction, nucleic acid sequence-based 

.amplification, transcription-based amplification system, self-sustained sequence 
re^ication, ligation amplification reaction, Q-beta replicase amplification and ligase 
chaimreaction. 

25. >Tie composition of claim 1, wherein the one or more polymerases or 
fragments thereof is selected from the group consisting of Taq polymerase, Tth 
polymerase, Tme polymerase, Tli polymerase, Pfii polymerase, DNA polymerase I, 

1 0 Klenow fragment and \everse transcriptase. 

26. The composition^ claim 1, wherein the reaction adjuvant has a potency of 
at least 75% of the potency of D^SO or formamide in an equivalent polynucleotide 
chain reaction (PGR). 
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27. The composition of claim 1,- wherein the reaction adjuvant has a specificity 
of at least 80% of the specificity of DMSO or^rmamide in an equivalent 
polynucleotide chain reaction (PGR). 



20 28. The composition of claim 1, wherein the reaction adjuvant has an effective 

range spanning at least 0.1 M. 



29. The composition of claim 1, wherein the polynucleotide template 
comprises greater than 50% G+G. \ 
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30. The compCT^tion of claim 1, wherein the one or more polymerase enzymes 
or fragments thereof is sefected from the group consisting of Taq polymerase, Tth 
polymerase, Tme polymerase/SGi polymerase, Pfvi polymerase, DNA polymerase I, 
Klenow fragment and reverse transbiiptase. 



3 1 . A method of performing a polynucleotide replication reaction, which 
comprises performing the reaction in the presence of one or more reaction adjuvants 
1 0 comprising compounds of the formula: 
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Formula I 



ent; 



wherein: 
Ri is C or S; and 

when Ri is C, X is =0, 
when Ri is S, X is =0 \ or ^ 
and R3 is C; 

R2 is H or CH3 only when one or more of R4,\R5 and Re is not H, and otherwise R2 is 
an unsubstituted or halogen-, hydroxy- or alkoj^y- substituted alkyl or cycloalkyl of 
length m, wherein m is selected such that the toial number of carbons in the compound 
is between 3 and 8 when Ri is C and between 2 and 8 when Ri is S; wherein any two 
of R2, R3, R4, R5 and R6 optionally form a cyclic sq-ucture in which cyclization is 
effected through a bond between them; and 
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R4, Rs and R^Vach is H, alkyl, cycloalkyl or halogen-, hydroxy- or alkoxy-substituted 
alkyl or cycloalkyl of length n, wherein n is selected such that the total number of 
carbons in the cqppound is between 3 and 8 when R\ is C and between 2 and 8 when 
Ri is S; and 

R4, R5 and R6 each \s H, alkyl, cycloalkyl or halogen-, hydroxy- or alkoxy-substituted 
alkyl or cycloalkyl 01 length n, wherein n is selected such that the total number of 
carbons in the compoujpd is between 3 and 8 when R\ is C and between 2 and 8 when 
Ri is S. 

32. The method of claim 31,' wherein the reaction adjuvant comprises a cyclic 
compound, wherein the cyc^ation is effected through a bond between any two of ^, 
R3, R4, R5 and R6. 

33. The method of claim i2, wherein the cyclic portion of the compound 
comprises five, six or seven membe 

34. The method of claim 33, >^erein Ri is C, R3 is N, R^ is absent and one of 
R4 or R5 is methyl, ethyl or hydroxyeth> 



35. The method of claim 33, wherem Ri is S and remainder of the compound is 
unsubstituted. 



36. The method of claim 31, wherein thexreaction adjuvant comprises a 
compound in which Ri is C, X is =0, R3 is N and is absent. 
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37. The method of claim 36, wherein the compound is cyclic. 

38. The memod of claim 37, wherein the cyclic structure of the compound is 
formed by a bond be ween R4 and R5. 

39. The method V)f claim 37, wherein the cyclic structure of the compound is a 
five, six, or seven-membCTed ring formed by a bond between R2 and either R4 or R5. 

40. The method of claim 39, wherein R4 and R5 are H, methyl or lower alkyl, 
or halogen-, hydroxy- or aUcoW-substituted lower alkyl. 

41 . The method ©f claiim^Of'^herbin the reaction adjuvant is selected from the 
group consisting of 2-p;^ra>lidoneL N-methyl pjmrolidone and N-hydroxyethyl 
pyrrolidone, 5-valerolactam, 8-capiblactam and N-formyl morpholine. 

42. The method of claim 36, wherein the compound is acyclic. 

43. The method of claim 42, conrorising a compound wherein R2 is H, lower 
alkyl, or halogen- hydroxy- or alkoxy-subkituted lower alkyl, provided that, when R2 
is H or methyl, one or both of R4 and R5 is methyl, lower alkyl, or halogen- hydroxy 
or alkoxy-substituted lower alkyl. \ 
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44. Tjhe method of claim 43, wherein the reaction adjuvant is selected from the 
group consisting of propionamide and N,N-dimethyl acetamide. 



45. The n^ethod of claim 3 1 , wherein the reaction adjuvant comprises a 

O. O 

compound in which^i is S, X is =0 or ^ ^ , and R3 is C. 



46. The methoc^f claim 45, wherein the compound is cyclic. 

47. The method of daim 46, wherein the cyclic structure of the compound is a 
five, six, or seven-memberedj^g formed by a bond between R2 and either R4, R5 or 

R<5. 



48. The method of claim 4 a whereinVhe ring is unsubstituted except in R 



\ 



49. The method of claim 48, wKerein the compound is selected from the group 
consisting of tetramethylene sulfone and\etramethylene sulfoxide. 

50. The method of claim 45, wherein the compound is acyclic. 

5 1 . The method of claim 50, comprising^ a compound in which R2 or R3 is 
lower alkyl or substituted lower alkyl. 



52 

52. The method of claim 51 , wherein the compound is selected from the group 
consisting of methyl \ulfone, ethyl sulfone, n-propyl sulfone, n-propyl sulfoxide and 
methyl sec-butyl sulfoxide. 

53. The method of ^laim 3 1 , wherein the polynucleotide replication reaction is 
an amplification reaction. 

54. The method of claim 53, wherein the amphfication reaction is selected 
from the group consisting of polymerase chain reaction, nucleic acid sequence-based 
amplification, transcription-based dihplificaft^n system, self-sustained sequence 
replication, ligation amplificaticm reaction, Q-lfeta replicase amplification and ligase 
chain reaction. 



55. The method of claimi31, wherein the ^ynucleotide replication reaction 
comprises a polymerase or fragment thereon selected from the group consisting of Taq 
polymerase, Tth polymerase, Tme polymera^, Tli polymerase, Pfii polymerase, DNA 
polymerase I, Klenow fragment and reverse transcriptase. 



56. The method of claim 3 1 , wherein the i 
least 75% of the potency of DMSO or formamide 
chain reaction (PGR). 



taction adjuvant has a potency of at 
n an equivalent polynucleotide 
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57. The methVl of claim 31, wherein the reaction adjuvant has a specificity of 
at least 80% of the specmcity of DMSO or formamide in an equivalent polynucleotide 
chain reaction (PGR). 

58. The method of clg/in\3 1 , wherertj the reaction adjuvant has an effective 
range spanning at least 0.1 

59. The method of claim 31, pe^ormed on a polynucleotide template 
comprising greater than 50% G+C. 

A kit for performing a polynucleotide amplification reaction, comprising a 
container tha^ includes: 

a) one or more compounds of the formula: 



R2 



R6 



Formula I 



wherein: 
Ri is C or S; and 

when Ri is C, X is =0, R3 is N and i^absent; 

when Ri is S, X is =0 or^ 
and R3 is C; 



o 
o 
m 
m 



So 

in 



54 

R2 is H or CH3 only when one or more of R4, R5 and R6 is not H, and othenvise R2 is 
an unsubstituted or halogen-, hydroxy- or alkoxy- substituted alkyl or cycloalkyl of 
^length m, wherein m is selected such that the total number of carbons in the compound 
is^DCtween 3 and 8 when Ri is C and between 2 and 8 when Riis S; wherein any two 
5 of R^, R3, R4, R5 and R^ optionally form a cycHc structure in which cyclization is 
effected through a bond between them; and 

R4, R5 anci R6 each is H, alkyl, cycloalkyl or halogen-, hydroxy- or alkoxy-substituted 
alkyl or cycroalkyl of length n, wherein n is selected such that the total number of 
carbons in the o^mpound is between 3 and 8 when Ri is C and between 2 and 8 when 
10 Ri is S; and 

b) instl^ctions for using the one or more compounds in a polynucleotide 
replication reaction. 
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61. The kit of claim 60Which further comprises one or more of: 

a) a polynucleotideVeplication reaction buffer; 

b) nucleotide triphosphates; 

c) oligonucleotide primera: 

d) a known template polynuMeotide for us as a control; and 

e) one or more polymerase enzWes. 
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62, The kit of claim 61, customized for perrorming amplification reactions. 




The kit of claim 62, customized for performing 
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54. A method for optimizing a polynucleotide replication reaction for a 
selected)polynucleotide, the method comprising^ 

a) providing a plurality of reaction adjuvants comprising 
compounds bf the formula: 




Formula I 



10 

wherein: 
Ri is C or S; and 

when Ri is C, X iSy^O, 
when Ri is 
15 andRsisC; 

R2 is H or CH3 only when oAe or mordiof R45 RsVnd R6 is not H, and otherwise R2 is 
an unsubstituted or halogen-, hydroxy- or alkoxy- substituted alkyl or cycloalkyl of 
length m, wherein m is selected such that the total number of carbons in the compound 
is between 3 and 8 when R\ is C and betweeh 2 and 8 when R\ is S; wherein any two 
20 of R2, R3, R4j R5 and R^ optionally form a cyclic structure in which cyclization is 
effected through a bond between them; and 

R4, R5 and R6 each is H, alkyl, cycloalkyl or halofeen-, hydroxy- or alkoxy-substituted 
alkyl or cycloalkyl of length n, wherein n is selected such that the total number of 
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cart)ons in the compound is between 3 and 8 when Rj is C and between 2 and 8 when 
Ri is\; 

b) performing a plurality of polynucleotide replication reactions on the 
selected pol^ucleotide, each reaction being performed under equivalent conditions, 
but with varying, type or amount of the reaction adjuvants in the reactions; and 

c) selecting the type and concentration of reaction adjuvant that yields 
the most favorable results for polynucleotide replication of the selected polynucleotide 
template, thereby optimizi<(ig the polynucleotide replication reaction for the selected 
polynucleotide template. 

65. The method of clai^ 64^whgj»kri^epolynucleotide replication reaction is 
an amplification reaction. 

66. The method of claim 65, whereii^e amplification reaction is PGR. 



67. ^^401 for performing the method of claim 64, which comprises a container 
in which is include 

a) the plurality^^ reaction adjuvants; and 

b) instructions for u^ng the reaction adjuvants to optimize polynucleotide 
replication of a selected template polynucleotide. 



68. 



The kit of claim 67, which ftuther comprises one or more of: 

a) a polynucleotide replication reaction buffer; 

b) nucleotide triphosphates; \ 
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c) oligonucleotide primers; 

d) a known template polynucleotide for us as a control; 
ejNone or more polymerase enzymes; and 

f) oneW more reaction vessels for performing the plurality of 
polynucleotide replication reactions. 



O 
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69. The kit of claim 68, customized for performing amplification reactions. 



01 
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70. The kit of claim 69, customized for performing PGR. 
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